Celiotomy is the most common approach for refractory small bowel obstruction (SBO). Small reviews suggest that a laparoscopic approach is associated with shorter stay and less morbidity. Given the limitations of previous studies, we sought to evaluate outcomes of laparoscopic (L) compared with open (O) adhesiolysis for SBO, using the National Surgical Quality Improvement Program data set.
T he treatment of small bowel obstruction (SBO) represents a significant health care burden, responsible for approximately 1% of hospital admissions per year at a cost of well more than $1 billion. Therefore, improving care efficiency of SBO patients will significantly reduce resource use and cost for this patient population. Although the traditional intervention for refractory SBO has been open celiotomy, there is an increasing body of literature suggesting that a laparoscopic approach, especially if the obstruction is caused by simple adhesion, is safe and effective. This is particularly relevant given that up to 85% of SBOs are caused by postoperative adhesions, 1 the development of which are associated with the nature of the index procedure. 2 Available literature suggests that the risk of postoperative adhesion is reduced with laparoscopic surgery when compared with the traditional open approach. 3, 4 Furthermore, multiple studies have demonstrated that laparoscopic surgery is associated with shorter hospital stay and reduced overall morbidity. For example, in a series of more than 2,000 SBO patients O'Connor and Winter 1 identified that two thirds of the patients were managed laparoscopically,with a success rate of 73.4% if the obstruction was attributable to a single adhesive band with an overall morbidity of 14.8%. Levard et al. 5 performed a 35-center retrospective study of 308 patients undergoing laparoscopic treatment for acute SBO with similar results. Although a preponderance of literature is supportive of laparoscopic treatment for SBO, the data are currently limited to observational and retrospective case series. There are, to date, no randomized or prospective controlled trials comparing open versus laparoscopic surgery for SBO. 6 While there are a number of meta-analyses comparing laparoscopic surgery versus open surgery for SBO, 7Y10 these largely rely on pooled data from the aforementioned smaller series. Thus, data on the safety and efficacy of laparoscopy for adhesive SBO remain limited by study heterogeneity in previous meta-analyses and short-term follow-up, with few studies remarking on the need for early reoperation. 8,11Y13 Nevertheless, recent guidelines have begun to incorporate recommendations regarding the use of laparoscopy for SBO. The Eastern Association for Surgery of Trauma practice management guideline now supports the use of laparoscopy in appropriate settings, which may include complex SBO in the context of multiple previous abdominal surgeries. 14 The appropriate setting for laparoscopy depends not only on the patient presentation and their comorbidities but also on surgical experience, training, and comfort level. This introduces a degree of confounding and selection bias, which may be difficult to circumvent when comparing outcomes of an open versus a laparoscopic approach, making the implementation of a randomized study prohibitively difficult. Propensity score matching is a statistical technique introduced by Rosenbaum and Rubin 15 to aid in the evaluation of treatment effects when using observational data ''collected through the observation of systems as they operate in normal practice, without randomized assignment of interventions,'' with the objective of controlling for covariates and the influence of confounders. With the use of propensity score matching, multiple covariates can be condensed and summarized as a single value representing the conditional probability of undergoing an intervention. Cases and controls may then be paired based on similar propensity scores and may consequently be treated as comparable, as the distributions of their covariates are balanced.
Our study used propensity score matching to evaluate outcome differences in laparoscopic (L) versus open (O) surgical management of SBO, using data collected as part of the American College of Surgeons' National Surgical Quality Improvement Program (NSQIP).
PATIENTS AND METHODS

Data Acquisition
After . Finally, all primary, secondary, and tertiary CPT codes remaining with the data set were reviewed, and observations with surgical procedures inconsistent with a primary problem of SBO were removed. This included, but was not limited to, any gynecologic procedure, appendectomy, cholecystectomy, placement of gastrostomy or jejunostomy tube for feeding purposes, or colonic procedures. Had we foregone this last step, we feared we would have retained cases where the primary problem was not an acute adhesive SBO.
Demographics and Perioperative Risk Factors
A robust set of demographic variables, preoperative laboratory values, and comorbid conditions were compared among the L, O, and L converted to O surgical groups (Tables 1 and 2 ). Operative conditions (emergency surgery, resident participation, and presence of first-or second-year resident) had the potential to affect surgical outcomes and therefore were included in the analysis. As there is no defined CPT code that readily identifies intraoperative conversion from L to O, patients were assumed 
Outcomes
The outcomes of interest were defined as follows:
1. Any complication, inclusive of all minor and major morbidities and mortalities. 2. Minor complication, comprising superficial or deep surgical site infection (SSI), pneumonia, unplanned reintubation, urinary tract infection (UTI), and deep venous thrombosis (DVT). 
Propensity Score Matching
To overcome differences between the L and O groups patients from the L group were matched 1:1 with a similar patient in the O group based on demographics and perioperative risk factors. Given the low number of observations within the L-to-O conversion group, propensity score matching and analysis concerned only patients that had undergone successful L or O procedures. Logistic regression analysis was performed to evaluate the likelihood of laparoscopic treatment based on demographic, preoperative conditions and laboratory values. A propensity score (probability) of undergoing laparoscopy was calculated for each patient regardless of whether they actually had a laparoscopic procedure. Patients were matched using the radius matching method without replacement, resulting in 222 pairs of L and O. 16 Success of matching was confirmed by reanalysis of potential confounders to ensure that the L and O groups were well balanced.
Statistical Analysis
Demographics and perioperative factors were compared using Pearson's W 2 test for categorical and one-way analysis of variance for continuous variables. Kruskal-Wallis analysis of variance was used for nonparametric distributions. Comparison of prematching and postmatching outcome measures for L and O groups was performed using Mantel-Haenszel odds ratio for categorical variables and linear regression modeling for continuous variables. Post hoc analysis of the propensity-matched groups removed all observations in which the case was classified contaminated or dirty/infected, resulting in 206 and 196 observations in the L and O groups, respectively. All statistical analyses were performed using Stata 11 (StataCorp, College Station, TX). A p value of less than 0.05 was considered to be statistically significant.
RESULTS
Preoperative and Operative Characteristics
A total of 6,762 patients 18 years and older were analyzed. Eighty-one percent (n = 5,506) underwent laparotomy, while 1,256 underwent laparoscopy, with a conversion rate of 33.6% (n = 422). Those in the L group were younger, more overweight, more likely to be women, and less likely to smoke or carry a diagnosis of diabetes ( Table 1 ). The L group had fewer comorbidities and a lower incidence of systemic inflammatory response syndrome and thus were more frequently categorized as American Society of Anesthesiologists (ASA) I or II compared with patients in O or L-to-O groups ( Table 2 ). Preoperative hematocrit less than 30% and hypoalbuminemia less than 3.0 g/dL were nearly twice as common in the O group. Surgery was considered emergent in 51.8% of the O patients compared with 37.1% of the L patients and 46.7% of the L-to-O operations. Resident participation was significantly more common in laparotomies; however, the prevalence of junior-level resident involvement was not significantly different between the three groups (9.1% vs. 4.6% vs. 7.0%, p = 0.554). (Tables 3 and 4) .
Unadjusted Outcomes
An unadjusted complication rate of 32% (n = 1,762) was observed in O patients, which was nearly three times the rate seen in the laparoscopic cohort (Table 5) . In L patients, minor and major complications were reported in 6.7% and 9.7%, respectively, as compared with 21.6% and 21.0% in O patients.
Nonsignificant differences in complication rates were seen for PE, CVA/TIA, postoperative transfusion, and return to the operating room. Average operative time (71 minutes vs. 62 minutes), anesthesia times (124 minutes vs. 114 minutes), and LOS (10 days vs. 4 days) were also significantly increased for O cases. Unadjusted risk of postoperative mortality for laparotomy (4.5%) was four times that of laparoscopy (1.1%, p G 0.001).
Propensity-Matched Outcomes
In the matched cohort, L patients were half as likely to have any postoperative complication compared with O patients (odds ratio [OR], 0.48; 95% confidence interval [CI], 0.30Y0.77). This was driven largely by the lower rates of superficial site infections (OR, 0.17; 95% CI, 0.05Y0.57), sepsis (OR, 0.30; 95% (Fig. 1) . Differences between the groups with regard to pneumonia, unplanned intubation, UTI, DVT, organ space infection, wound dehiscence, prolonged ventilator dependence, need for postoperative CPR, and shock did not persist in the matched cohort. Operative and anesthesia times were also similar for both surgical approaches, with a trend toward slightly shorter times for laparoscopy (Table 5) 
DISCUSSION
NSQIP data reflect the preferential use of celiotomy over laparoscopy in the treatment of adhesive SBO, in line with traditional standard of care. Notable differences exist between cohorts selected for each approach, with those undergoing open surgery likely to be more severely ill. The reasons for the differing approach may be surgeon preference, surgical complexity, or perceived inability to tolerate pneumoninsufflation among more critically ill patients. The matched patient cohorts, however, provided two well-balanced groups for outcome comparison. Our results show that mortality did not differ between laparoscopic and open approaches but overall complication rates were lower for laparoscopy than for open largely owing to lower rates of wound infection, sepsis and transfusion requirements in the laparoscopy group. While rates of more severe complications did not differ between the two groups, the length of hospital stay was considerably lower for laparoscopy. Therefore, our study demonstrates significantly lower resource use by patients who receive Several studies suggest that laparoscopic treatment of SBO, particularly those caused by adhesions, leads to a shorter hospital course with reduced morbidity. Our findings are consistent with the literature in that hospital stay for laparoscopic approach was significantly shorter. A frequent critique of laparoscopic surgery is that procedures are more time consuming and therefore offset the costs of shorter hospital courses. However, we found that the length of surgery was not statistically different. Of course, an important contributor to increased cost is postoperative complication. Overall, laparoscopic surgery was half as likely to result in postoperative complication than was open procedure. Minor and major morbidities were reported in 6.7% and 9.7%, respectively, of the laparoscopic group as compared with 21.6% and 21.0% of open group. The laparoscopic group had a statistically significantly lower incidence of superficial site infections, sepsis, and intraoperative transfusion. While we did not estimate costs in this study, the implications of a shorter stay and reduced complications for laparoscopic surgery are that costs should be reduced compared with open.
Limitations
Limitations of NSQIP include the omission of some relevant patient history, for example, of previous abdominal surgery. Aspects of clinical decision making, such as use of preoperative imaging, is likewise not captured by the data set. In addition, as all absolute dates have been systematically removed from the NSQIP database, there is no way to divide total LOS into preoperative and postoperative portions that might account for a trial of conservative management for SBO. In our analysis, wound classification is treated as an outcome, although this could represent a preoperative condition as well. For example, an obstruction with associated perforation could preferentially lead to selection of open operation rather than laparoscopic operation. So wound classification may reflect either a preexisting independent variable contributing to choice of surgery and risk of postoperative complication, or it may reflect an intraoperative complication that did not exist before and was caused by the type of intervention selected. Without more information regarding the etiology of the contamination, there may be no reliable way to determine whether this was the cause or effect of the procedure chosen, and this is not captured by the data. To ensure that contamination was not a confounder in our analysis, we performed the analysis excluding contaminated or dirty/infected cases and found that there was no difference in our findings, indicating that the presence of preoperative intra-abdominal contamination was not biasing our results.
Perhaps, most importantly, the reporting window for postoperative complication within NSQIP is limited to 30 days. In addition, since NSQIP data are collected only for participating hospitals, readmission to nonparticipating hospitals may not be captured, although within the 30-day window. An inherent difficulty in evaluating outcomes involves a selection bias that may be difficult to detect and adjust for and that may make the implementation of a future randomized study prohibitive. That is, factors such as surgeon experience, which may influence the selection of the operative approach, are not recorded in the data set. Contraindications to laparoscopy or reasons for conversion to an open procedure are likewise unrecorded. Although participation by residents in a particular case is captured in the data, attending surgeon experience and institutional volume are not. Although resident participation in a procedure may serve as a proxy for facility type, this is similarly not directly recorded in the data. As with any retrospective investigation relying on previously captured data, our study also relies on the integrity of the data collection process. Misclassification of diagnoses, primary intervention, and so on are shortcomings that have been minimized by the standardized definitions and data collection process formalized by NSQIP. Despite these limitations, NSQIP data provide a large, standardized database that specifies, in a uniform manner, a large number of relevant perioperative and patient variables collected for a diverse, multicenter population of both patients and surgeons.
As far as the particular covariates chosen for our model are concerned, many variables used to evaluate preoperative risk factors and comorbidities can be subjective and somewhat vague. ASA scores, for example, do not necessarily account for the presence of multiple systemic diseases. The term systemic disease is itself open to subjective interpretation. Other variables may result from isolated organ system dysfunction or may represent aspects of multiorgan disease or secondary and indirect effects arising from a separate primary process.
Estimates of treatment effects obtained from observational studies are innately weakened owing to the possibility of hidden bias and the lack of randomness in selection. Propensity score analysis attempts to address this problem but assumes that all confounders are included and accounted for as observed covariates. Hidden bias remains a real possibility as undiscovered confounders remain unobserved and unmeasured. While randomized assignment may often be relied on to distribute unobserved covariates equally across groups, no such procedure exists for nonrandom assignment to ensure that unobserved factors do not distort outcome measurements. The matching process itself, whereby cases and controls with similar propensities are paired, often excludes outliers in either group. This may result in a study population that is more homogeneous than is encountered in practice and therefore may limit the generalizability of results. The matching process also dramatically reduces total sample size, which limits overall power, therefore subjecting our analysis to the risk of Type II error.
CONCLUSION
Overall, laparoscopy was associated with significantly lower rates of any complication, namely superficial site infections, intraoperative transfusion, and shorter hospital stay. There was no significant difference in operative time, rates of reoperation within 30 days, or mortality. These results support the use of laparoscopy in the management of adhesive small bowel obstruction as a safe and effective approach. Fruitful avenues for additional research include longer-term follow-up for SBO recurrence with the two approaches and investigation of patient factors associated with conversion of laparoscopic to open surgery. In an era of health care reform and desire to reduce health care costs, preferring a laparoscopic approach to bowel obstruction where feasible may make a substantial financial impact; however, further studies specifically evaluating the long-term cost-effectiveness of the laparoscopic approach are warranted. AUTHORSHIP S.L. contributed in the study design, data analysis, data interpretation, writing, and final revisions. K.B. contributed in the literature search, data interpretation, and writing. J.F.D. contributed in the data interpretation and writing. R.N. contributed in the study design, data analysis, data interpretation and critical revision.
